ON TIHE ANATOMY AND RELATIONSHIPS OF FOLUZA MUSICA,
Liny.;  WITH NOTES UPON CERTAIN OTHER SUPPOSED
MEMBERS OF THE VOLUTID.E.

By S. Pace, F.Z.S., ecte.
Read 13th December, 1901,
PLATE II.

AvrmoveH the shell of Foluta musica is snch an exceedingly connnon
one in collections, the living animal has not as yet been observed ;
while only a single example, having the soft parts preserved, appears
to have hitherto found its way into  the hands of a conchologist.
This was obtained by M. Marie at the fle des Saintes, (mfuleluupe
and forwarded by him to Dr. P. Fischer, who described (5) and
figured the external characters and the radula. The specimen was,
however, too badly preserved for Fischer to make out anything further
concerning its internal anatomy.

In view of this almost ecomplete ignorance regarding the structure
of 7. musica the late Mr. Martin F. Woodward, who for some time
prior to his untimely death had been bestowing particnlar attention to
the morphology of the rhuchiglossate 1’1o>0b1«1m111‘1t’1 made great
efforts to obtain further material of this species.  He was paltlcnl‘ul_v
anxious to cxamine the anatomy of V. musiea, because he considered
that in all likelihood this species, which must be regarded as the type
of Linnwus’ genus Foluta, wus not at all intimately velated to that
possibly mthvr mixed assemblage of forms which are at present
grouped together under the Volutide. The opportunity to test this
surmise by actual dissection did not. however, oceur; for when at
length, through the instrumentality of his friend and former pupil
Mr. W.G. Freeman, of the Tmiperial Agrieultural Department. Barbados,
and Mr. L. B. Brown, of Burbados, some speeimens were obtained,
these arrived in London at the same time as the news of the sad
accident which has deprived malacological seience of one of her most
devoted and most able students.

The Volutes in question were subsequently kindly placed in my
hands for examination by the exeeutors of the late Mr. Martin 1.
Woodward, with the request that I would report npon them to the
Soeiety of which he had been the Secretary.

‘Whilst working at the anatomy of Feluta musica, 1 have, throngh
the kindness of Mr. E. . Smith, to whom my best thanks are due,
also been enabled to examine the animal of Nepfuncopsis G(]L/Z}l\fl,
Sby., a spirit specimen of this rare molluse having been recently
acquired by him for the British Museum colleetion. This form had
already been investigated by Martin F. Woodward (13), but he had
only an imperfeet example, the highly tmportant buecal region having
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been destroyed by a collector of radule. I also take advantage of
the opportunity to add a few notes ! regarding the morphology of eertain
other supposed members of the Volutoid series.

Vorura musics, Linn.,

The material at my disposal consisted of five examples, all of which
were males, of the small pink variety. The shells, which will he
deposited in the British Musenm, measured from 43 to Hem. in
Tength.*  The anmimals were received in therr shells. They had been
preserved in formalin, but were not in very good condition for
dissection ; being much contracted, and in each case the visceral sae
had entively  disappeared, decomposition having apparently set in
before the animals were pickled.

Lirternal chavacters of the Animal —As already mentioned, the ex-
ternal characters of this Volute have been pretty fully deseribed by
Fizcher (5) from a spint specimen ; but the tollowing particnlars may
be added to his acconnt, bearing in mind that my material also was
not fresh, but had been preserved in formol,

During life /7 musica must present an  exceeding handsome
appearance.  The dorsal surface of the foot is covered with large
pizment spots, having the appearance of being contractile chromato-
phores, upon a speckled or splashed ground.  The sole of the foot is
similar]ly marked, but the markings are of a paler shade. In the pre-
served state the speckled markings are of a reddish-brown colour,
while the larger spots ave of a rich purple brown: but it is of course
possible  that the colours of the living animal may be altogether
different. A~ was remarked by Fischer, the introvert presents the
very unusual feature of being pigmented like the extevior of the body.

The Joot 15 rounded posteriorly @ anteriorly it is deeply notched, has
the angles produced and the front margin duplicated.  The operculiwm
15 monnted vpon a distinet operenlar pad, and placed transversely to
the long axis of the foot. T could discern no trace of any pedal pore,
but am not prepared to deny the existence of such a structure.  The
appendages of the siphon appear to be somewhat variable; and, as
remuarked by Fischer, they are of very unequal size. That on the right
side is a small tongne-shaped structure lying entively within the
mantle edge; while the left one is about as broad as the siphon itself,
and, arising “tbout half-w ay along the latter, rnns parallel with it to
1ts (L\h(nut}, thus producing the appearance of a cleft siphon. The
siphon with its appendages 1s pigmented, exeept at its hinder angle,

b For the opportunity to examine snch of the late Mr. Martin F. Woodward's

disseetions as are presevved in the Zoological Laboratory of the Royal College
of Neienee, my thanks are due to Dr. G. B. Itowes; and I am indebted
to Mr. E. A Smith for permission to work through Dr. Gray’s original
prepavations of radulie which are now in the British Museum,

2 1t a5 very probable that this diminutive size of certain specimens of 7. musica is
a sexual chavacter.  Fischer (4 has recorded that the male of Lyria deliciosa
hasoa smaller <holl than has the female ; and this type of sexual dimorphism
would appear to he not at all uncommon among Prosobranchs.
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where 1t is greatly thickened to form a definite posterior siphon, which
shows slight pigmentation and is supported on cartilage. The mantle-
edge is thin and unpigmented. In the contracted state, the pends 1s
Latchet-shaped and divected backwards ; it lies entirely under cover
of the mantle.

Pallial Comples.—The condition of the organs of the pallial complex
presents no unusual features. The bipectinate osphiradium is highly
developed, and its folie are darkly pigmented. The lamine of the
cteniduun ave triangular in shape and unpigmented.  The Aypobranclial
oland is well devcloped. lts secretion was at first (as preserved in
formol) of a rich purple colour, but this e¢hanged to a vivid grecu
under the action of fresh water.

Introrert—The introvert is of comparatively large size and almost
eompletely eversible. In this condition (Fig. 1) it appears as an
clongated structurve, which is flattened dorso-ventrally and slightly
curved upwards.  Attention has already been directed to the pigmen-
tation of the outer surface of the introvert. In the retracted state
it lies entirely within the body-cavity, passing to the right side over
the wsophagus, and forming a curved lentieular mass which oceupies
the greater part of the anterior region of the body-cavity and hes
transversely to the long axis of the body.

The musculature of the introvert is not greatly developed; it
consists mainly of a series of strands inserted along the greater
eurvature of the introvert-sheath.

Alimentary Canal.—The mouth appears as a eonspicuous vertical
slit at the extreme end of the everted introvert. It appears to be
supported by a eouple of small masses of cartilage. The cesophagus,
in the cverted condition of the introvert, passed straight back,
without any eonvolution, from the mouth to the stomach; and it
appeared to be of pretty uniform calibre throughout the whole extent
of 1ts eourse.  When the introvert is retracted, the cesophagus, after
emerging from the introvert, passes sharply forward underneath the
Iatter and to the vieht side, as far as the nerve collar, where it makes
another sudden bend and resumes its backward direction.

Leiblein’s  Gland. — There is a greatly developed cesophageal
diverticulum, forming a very prominent mass lying dorsad to the
wsophagus (Fig. 2). It iz a very stont, much convoluted, tubular
structure, of large calibre, larger than that of the cesophagus, arising
immediately behind the nerve-ring, and terminating in a but slightly
enlarged, thick-walled, spheroidal sac. Its convolutions are bound
up in exceedingly tough and elosely adherent conncctive tissue; and
they present a very clharacteristic glistening appearance. In colonr
the terminal scgment of the cesophageal cecum is pure white and
somewhat translucid, while its duct is yellowish and opaque. The
enlarged terminal segment is closely bound up with the cesophugus ;s
but its lumen is certainly not in aetnal eommunication with that of
the gut at this point.

Salivary Glands. — As probably obtains in the majonty of the
higher Prosobranchiata, two pairs of so-called salivary glands are
represented ; and both pairs lie entively in front of the nerve-collar.
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The racemose glands, which are the homolognes of the single pair
met with in the less specialized forms, present a peenliar *fluffy’
appearance, and in colour are translueent white, while the tubular
glands are vellowish and opaque.

The duets of the racemose glands ave at fivst straight, of fanrly lavge
ealibre, and quite free from the wsophagus, stunding out at right
angles, one on each side of the latter, at a point just outside where
it emerges from the introvert. After meeting the wsophagus the
salivary duets ave continued forward as very delicate convoluted tubes
of diminishing ecalibre, which run along one on cach side of the
@sophagus, and are closcly bound up with it.

The tubular glands (Fig. 2) lie entively within the introvert when
the latter is extraded, but upon its retraction they project frecly into
the body-cavity.  They are convoluted thronghout the major portion
of their course, but for a short distance from their distal extremities,
which are marked by a slight pyriform enlargement, they are quite
straight.  This short terminal segment is divected forwards: the tube
then bends sharply upon itself, and becomes much convolnted, while
its ealibre undergoes regularly progressive diminution.  Upon nearing
the radula-sae, the tubnlar salivary glands, now extremely fine, puss
suddenly under the wsophagus, and mecting, give oft at right angles
a single, very delicate duct, which passes forward under the radula-sac.

Radula— am not at all certain that the radula of Joluta musica
is represcuted with perfect accaracy by the familiar formula 0-1-0,
siuce the uneleaned preparation of this organ showed what may
possibly he the extremely minute, shapeless vestiges of lateral tecth.
The functional teeth (Fig. 4) are of the ¢ rastriform’ type, so well
described and figured by Fizcher (5).  The number of denticles
appears to he inconstant: Fischer's example showed twelve well-formed
cusps, with, on one side; three intermediate denticles.

Nervous System.—The most important point regarding the nervous
system (Fig. 3) is the quite considerable length of the right pleuro-
vizeeral connective; the supra-intestinad ganglion occupying its more
normal position close to the osphradinm, instead of being intimately
related to the nerve-ring, as in the Volutes described by Martin 10,
Woodward.

Conclusions.—As will be scen, Toluta musica does not differ in its
anatomy from those few Volutide of whose structure any details ave
at present known, to such an extent as to justify its separation from
the other members of that group, the most cvident deviation being
in the radula; but even in this feature there ave indications, as will
be pointed ont, of the existenee of an intermediate type in Lyri
deliciosa, and fwrther links may reasonably lLe anticipated to exist
among the large number of species of whose anatcmy nothing is as
yet known.!  Morcover, it must he remembered that the taxonomie

1 Since this paper was written T have been enabled to examine the yadula of Lyrie
st s, Lamn o this exhibits a most perfeet jutermediate stage between the
V. owasiea and the Lyra deliciosa types.
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-alue of the radula in the Prosobranchiata has becen considerably
overrated ; and that the more important characters are probably
those which are afforded by the alimentary canal with its appended
glands, and by the nervous system. In the morphology of its
ahmentar apparatus, #. musica is in eomplete aeeord with what 1s
known in other forms referred to the Volutide; while, as regards
its nervous system, the presenee of w definite right pleuro-visceral
connective is suggestive of a more primitive condition than is met
with in auy known form other than Jelo Neptuni (1, figs. 74 and 75).

Lyr1ia pericross, Montrz.

The anatomy of this form was investigated by P. Fischer (4); but,
although he would seem to have had ample material, his description 1s
fmytlnug but complete.

Letblerw’s Gland.—Tiseher makes no mention of the existenee of an
cesophageal exceum in Lyiria: can it be that it 1s absent or insignificant
in this form; or, may it not rather be, that what is described as the
stomach 1s in reality formed by the eonvoluted Leiblein’s gland bound
up with the gnt?

Salivary Glunds —Fischer describes the tubular salivary glands,
which he states open one on each side! of the radula-sac, but he says
nothing of the normul aeinose ones, which are, presumably, also
present.

Radula.—Fischer’s figure of the radula 1s a somewhat unsatisfaetory
one, but the enlarged, straight base of the tooth, and the small and
equal size of its cusps, are rather suggestive of an approximation
towards the /. musica type.

Nepruxrorsrs Grremristr, Shy.

My specimen, like that described by Martin F. Woodward (13),
was a female. It was preserved in spirit, had been removed from its
shell,* and was wminus the visceral sac when I reeeived it. Otherwise,
notwithstanding the fact that the aunimal had been macerated for
a fortnight in order to fucilitate removal from its shell, the tissucs
were in fairly good condition for dissection.

External characters of Animal—The head is produeed into two
enormons, expanded, tentacular lobes @ these, althongh Hattened, are
stout and sohd, and have their borders rounded ; they are separated in
the middle hine by a deep noteh, which is continued over the dorsal
surface of the head as a shallow median groove. It is noteworthy
that the head is not guite symmetrical, the right tentaele, and more
particularly the eye-stalk, being more developed than the left. The
general shape of the head is shown in IFig. 5, in which the position of
the hynchostone, or talse mouth, is also mdl ated.

1 It is probable that the tubular ¢ salivary glauds’ in all cases open in advance of
the radula-sue, and not at its posterior mumm
2 The register number of the shell, which is in the British Museum, is 1901 :
10 "J 10."
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The foof is bilobed anteriorly, and its front margin is duplicated.
It bears a couspicnous pedal pore on the sole at about its widdle.
The opereular pad is Yavge.  The siplon is very short, and the edge of
the mantle is continued round its base as a very shight and incon-
spicuons collar.  Martin F. Woodward has stated that the siphon is
devoid of appendages : my specimen, however, showed a prominent
tongne-shaped outgrowth of the left border of the siphon at its basc,
and [ have since made out the existence of a similar structure in
Woodward’s specimen, in which its presence had been obscured by
coagnlated mucus.  The posterior siphon is represented by but a slight
groove,

The animal appeared to have been entirely destitute of colour-
markings.  The eye-spots are red in the preserved specimen.

Introvert.—'The rhynchostome, or external opening of the introvert-
sheath, is rounded and guite simple.  The eversible portion of the
introvert is conical in form, somewhat tlattened dorso ventrally, and
with the base of the cone, not at right angles to its axis, but
facing downwards.  Lts walls are enormously thickened and muscular,
espeeially at its base.  The musenlature of the introvert consists of
two lateral series of rounded bundles arising on the hody-wall, aund
inserted at close intervals along the sides of the introvert-sheath
(Fig. 6).  These bundles become more developed towards the base of
the introvert, which is further provided with a powerful retractor,
arising on the roof of the body-cavity and inserted dorsally on to the
introvert-sheath.

Alimentary Cunal—The mouth is a small vertical slit at the extreme
end of the proboscis @ it 1s destitute of jaws and unsupported by
cartilage.  The buceal mass 1s well developed, measuring about 9 mm,
in length.  Its roof is extremely thin and transpavent, and so closely
applied to the wsophagus as to give the buceal mass a erescentic
transverse scetion.,  The initial segment of the wsophagus is perfectly
straight, and practically buried up in the museular root of the intro-
vert.  After passing out of the introvert the osophagus beeomes
somewhat enlarged and very thick-walled.  In the contracted condition
it passes sharply forward, to the vight of the retracted introvert, as far
as the nerve-ring.  Passing through this, it makes another sharp turn
hack wards, and appears to be continned without any break as Leiblein’s
gland; the wsophagns appearing to come off below, immediately
hehind the nerve-ring, as a thin-walled, and ecomparatively insig-
nificant, outgrowth of what 1s in reality its own diverticulum.  The
explanation of this apparent anomaly would scem to be that here, as
in perhaps the majority of instances, the point of separation of the
asophageal diverticulmn from the wsophagns is not its true poiut of
origin, the latter being situated far forward in advance of the nerve-
collar, namecly, at the point of apparent thickening of the wsoplugus,
T'rom here, backwards, the asophagus is so closely hound up with its
diverticulum as to be indistinguishable from it by ordinary dissection.
After the separation off of Leiblein’s gland the cesophagus undergoes
no further convolution; but its walls soon become so exccedingly thin
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as to appear quite membranous, and the lumen of the gut is at the
same time increased.

Salivary Glands.—Two pairs of so-called salivary glands are present
(Fig. 7); the one pair acinose, the other tubular. DBoth pairs are
situated entirely in advance of the central nervous system.

The acinose glands oceupy a position immediately in front of the
nerve-ring.  Their acini are much mixed up, but they are so
exceedingly brittle that I was unable to determine whether there is
any actual communication between the glands of the right and left
sides, such as exists in certain Toxoglossa.  The raccmose glands
are in close contact with the cesophagns, and only an extremely
short traet of their ducts is free.  After becoming applied to the
@sophageal wall the salivary ducts become exceedingly delicate, so
delicate that I was quite unable to follow them forward to their
pharyngeal openings.

The tubular glands are highly developed. That part outside the
introvert is of large calibre, and lies pertectly freely within the body-
cavity. As is the case in /. nusica, the tubular glands ave sharply
bent back npon themselves at a short distance from their distinctly
enlarged distal extremitics.  They are of gradually deereasing calibre,
and become very delicate within the introvert. Upon reaching the
end of the radulasac, the glands, now of extreme tenuity, pass
under the retractor muscle of the buceal mass, and there unite to
form a single convoluted duct of inercased calibre. This convoluted
duct forms a broad strap-shaped mass lying heneath the buceal mass,
and might very easily be mistaken for an anterior bucecal retractor.
1t was possible to trace the duct right forward as far as the lips;
and 1t appearcd to open into the mouth well in advance of the buceal
wass, but I was not able t) make out its actual orifice with certainty ;
anyhow, unless the duct doubles back again and is excessively delicate,
it certainly does not open upon the floor of the buccal mass, as has
been deseribed, possibly erroncously, in other forms.

LRadule.—The radula contained 65 rows; and the most important
point which T bave been enabled to make out with regard to this
wteresting form 1s the fact that the true formula of the radula
(Fig. 8) 1s 1-1-1, and not 0-1-0 as described® by Nowerby (11).
[ had rather anticipated tinding some indication of lateral teeth in
this form, which in the characters of its shell and operculum approxi-
mates rather towards the fusoid type; and therefore took particular
paius in the investigation of this structure, otherwise its true natuve
would most certainly have escaped me. In the fresh state® the lateral

1 Sowerby’s figure shows such discrepancies from my preparation, that I venture to
question whether the radula of some other species, e.g. Cymbiola ancille, may
not have been aceidentaily substituted for that of Neptuneopsis by the mounter
of Sowerby’s slide.

2 A radula should in all cases be examined defore cleaning with potash, since vestigial
teeth such as those in question may be much too tender to withstand the action
ot this reagent. It is not sufliciently realized that potash is not without effect
upon chitinons material ; but that, on the contrary, delicate structures may be
entively destroyed by its use.
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teeth, though quite unmistakably present, were plainly scen to be
greatly degenerate, and ave probably quite functionless. They were
of extreme tennity compared with the very massive rhachidian tooth,
and their contonrs were ragged.!  Under the action of, even cold,
canstic potash they were so very speedily disintegrated, that 1 had
o time to make a drawing of them before they were entively
destroyed.
YorLvnuitues apyssicors, Ad. & Rve.

I have examined the dissceted specimen described by Martin T
Woodward, and may add the following to his account (13) of this form.

Erternal characters of Animal.—The tentacles and eye-stalks ave
quite rounded, and thus nnlike those of any other Volute hitherto
recorded.  The foof is scarcely at all anrviendated ; its front margin
is duplicated. T could tind no trace of auy pedal pore; and 1 am
confident, so beautifully are the specimens preserved, that 1 should
have been able to detect an opening had one been present.  The
sephon, whicli 1s quite devoid of tentacnlar appendages, is surrounded
by a collar-like prolongation of the mantle.

C'yMBIOLA ANCILLA, Sol.

The following few notes, based upon the material deseribed by
Martin . Woodward, may be added to his deseviption (13).

Lzternal characters of Awimal.—The front edge of the foot is
duplicated.  The appendages to the siphon are of very nearly equal
length, and are quite insiguificant by comparison with the siphon
itself.

Ledbleaws Gland.—This is much convoluted, and the convolutions
are bound up together in very tough connective tissne.  The duct
terminates in a muscular sac of not much larger calibre than the duct,

Salivary Glands.—The tubular glands each terminate i a distinet
pyriform cnlargement,

Radule.—Mr. Martin F. Woodward did not eonsider it necessary to
fieure the radula, since it is of the same type as that of the majority
of the Volutes whose dentition has been examned.  In my opinion,
howerver, it is desirable that, wherever possible, the detailed charae-
ters of this organ should be placed upon record, since these details
will probably assume an inercaxed importance m the future. 1 have
therefore made a camcera-lucida drawing (Fig. 9) from Woodward's
preparation. It should be noted that the central cusp bears no dorsal
groove, but is quite solid and rounded. The vadula, as mounted,
contains 43 tecth, and it appears to be complete.

VESPERTILIO VESPERTILIO, Linn.
Radule.—Tor comparison with the radula of Lmoria Turneri, T have
thonght it advisable to figure « portion of the original preparation
described by Dr. Gray (7, as that of . eespertilio (Fig. 10).  The

1 1t is noteworthy that degenerate lateral teeth have been recorded by Schacko (10)

as existing in & eriviets bk
3 -
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grooved condition of the central cusp, not indicated by Gray or
Troschel (12), should be noted. As mounted by Dr. Gray the radula
consisted of 26 tecth.

Anoris Turserr, Gray.

Radule.—The original preparation figured by Dr. Gray (6; p. 133,
fig. 5) as the radula of this species shows, as I had surmised, that his
figure does not well interpret the structure of the tooth. T have
therefore refigured it (Fig. 11). 1t will be secn that there is, after
all, nothing so very peeuliav about the radula of A. Zurnery ; and
that it differs from that of V. vespertilio only in having the base of
the tooth even more arched than it is in the latter form, and in the
complete suppression of its lateral cusps with accompanying greater
development of the central cusp.

VoruroamiTrs GREENLANDICA, Beck.

Radula.—Martin F. Woodward (13) and others have assumed that
the figure given by Troschel (12; pl. v, fig. 54) represented a normal,
triserial radula. This figure, however, in reality demonstrates the
effect of pressure upon the cover-glass; for the appavent lateral teeth
are in reality but the broken-off bases of the highly arched rhachidian
tooth, which appears to be alone present. This tooth would seem to be
in every respect comparable with that of Amoria Turneri.!

Harra Prranus, Meusch.

There now seems to be no reasonable doubt as to the correctness of
the reference of this form to the Volutidee. The published accounts of
its anatomy are, however, obviously based upon misconceptions as to
the homologics of the parts; and these inaccuracies have unfortunately
received the imprimatur of the text-books.

Alimentary Canal and Leibleiw’s Gland.—Yischer (3) regarded the
convolutions of the wsophageal ceecum as being those of the intestine ;
and both he and Poirier (8) have mistaken for the stomach what is
without doubt ouly the enlarged terminal segment of this diverticulum.
The true stomach is figured by Poirvier (8; pl. ii, fig. 4) occupying its
novmal position, and with the usual relationships; but it is regarded
by him merely as a bend of the intestine. The condition of Leiblein’s
gland in this form is generally regarded as quite a peculiar one, Poirier
having described it as being in open communication with the lumen of
the alimentary canal, at its enlarged distal end as well as proximally.
Now, is it not in the highest dearee probable that the actual facts of
the case are, that the terminal enlargement of the cesophageal ceecum is
so closely bound up with the esophagus, that in the process of dissection
an appavent sccond opening into the gut has been artificially formed
at this point ? [t is an exccedingly easy matter to fall into crror
regarding the openings of minute ducts ; thus, I was myself very nearly

1 T had hoped to refigure the radula from Dr. Gray’s preparation, but an examination
of the slide, a temporary mount, shows that the radula itselt has unfortunately
disappeared.
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recording such a sccond communication between the esophagns and
its cecum in JT wmusica. The only really conclusive method of
determining points sueh as the one in question is by serial-scetioning.'

Ladule.—The radula appears to be in every respeet similar to that
of lmoria  Fischer (3) undonbtedly examined this organ from its
lower surface, and mvived at quite an erroncous conclusion as to its
true nature, since he deseribes it as of the formula 1-0-1, and as
haviug a deep median furrow.  Poivier (8) gave the formula as 1-1-1 ;
but the supposed laterals, Like those of Folutomitra, ave almost
certainly only the broken-off ends of the highly wrched base of the
rhachidian tooth.

Murzeeriy ansvs (Jeffr.) [=Meyeria pusilla, Sars].

May not this form, which by Sars (9) was veferred to the Murieide,
be more closely re «1tu1 to the Volutidee? The shell has oolumelh
plaits which arc quite as strongly developed as they arve in sowe
admtted Volutes; and the 0])\1011st inexact ficure given by Sars
of the alimentary canal is somewhat reminiscent of the \nlntmd type,
while the radula docs not appear to be so very unlike that of Psephea
or I'olutilithes.
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